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Coccidioidomycosis, known also as coccidioidal 
granuloma, is caused by the fungus Coccidioides 
Immitis and was first described by R. Wernicke! 
in 1892. The disease is endemic in the central 
portion of California, especially in the San Joa- 
quin Valley, and was known for many years as 
valley fever. The disease is prevalent in dry and 
dusty areas and that explains the high incidence 
of the disease in the San Joaquin Valley: During 
the war over 6,000 cases were diagnosed in the 
army in troops stationed in California, Arizona 
and New Mexico. In view of the fact that these 
soldiers are now living in all parts of the United 
States, it is important that physicians become 
alerted to the possibility of the presence of cocci- 
dioidomycosis in their patients. 

The infection is acquired by inhaling the spores 
of C. Immitis, known as the chlamydospores and 
arthrospores. Within the human body the spores 
mature into spherules. The spherules develop 
endospores and upon rupturing of the capsule 
the endospores escape into the tissues. The sphe- 
rules are easily identified in the tissues. They 
have a double-contoured, highly refractile capsule 
and are filled with spores. The spherules vary 
in size from 2 to 80 microns. The mycelia seen 
in culture is never found in the tissues. Cases 
have been known where the infection was ac- 
quired through abrasions or lacerations in the 
skin. It usually requires from one to three weeks 
incubation period before symptoms become mani- 
fested. Many patients acquiring the infection may 
not manifest any active clinical symptoms at all 
but will show a positive skin reaction to the 
coccidioidin filtrate. About 40% of the males will 
develop respiratory symptoms, whereas females 
will show an increased frequency of erythema 
nodosum: The latter results in a somewhat higher 
proportion of clinically manifested cases of the 
disease. It is now known that erythema nodosum 
is an allergic manifestation and is a complication 
of the initial respiratory infection. 


*Lecture delivered at The Chicago Medical 
School Seminar October 6, 1948. 


**Director of Laboratories, Kern General Hos- 
pital and County Pathologist, Bakersfield, Cali- 
fornia. 


**Former Associate Professor and Acting Head 


of the Department of Pathology—Chicago Med- 
ical School. 
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COCCIDIOIDOMYCOSIS* 
By JACK D. KIRSHBAUM, MS., M.D., F.A.C.P.** 


Coccidioidal granuloma or so-called dissemi- 
nated coccidioides was the only form recognized 
until Gifford? in 1935 reported that Coccidioides 
and “San Joaquin Valley Fever” were the same 
infection. Gifford recovered the organisms from 
the sputum of a patient who presented the skin 
manifestations of erythema nodosum and had so- 
called “Valley Fever”. Thus the relationship of 
the two diseases was established. 


The disease has been transmitted experiment- 
ally from human to animals but has never been 
seen transmitted from human to human. Rosen- 
thal® believes the disease is contagious. This 
has not been confirmed by other workers, and 
both Smitht and Gifford deny the possibility. 
Although the morbidity is high in Kern County, 
California, the mortality is low. The disease is 
usually ushered in with mild upper respiratory 
symptoms and very often the diagnosis is not 
suspected. Patients with erythema nodosum as 
a rule never develop the fatal disseminated form. 
These patients usually come into the hospital 
complaining of bumps in the skin. The’ lesion is 
not painful. The sites usually affected are the 
extremities and the skin over the chest. The 
abdomen is usually spared. 

Clinically coccidioidomycosis may be classified 
into the following types: 

A. Primary or Pulmonary form. 
B. Secondary or Cutaneous form. 
Acute—Erythema nodosum or Ery- 
thema multi-forme 
Chronic—Granuloma-isolated to an 
organ i.e. bone, lung, skin, ete. 
(non-fatal). 
C. Fatal Form (so-called disseminated 
coccidioidomycosis) 

The primary or pulmonary form presents a 
clinical picture of an acute upper respiratory 
infection, characterized by cough, chest pain and 
fever. Chills may or may not be present. X-ray 
examination of the chest is usually suggestive 
whereas skin tests and serological findings are 
fairly reliable and diagnostic. The cutaneous 
manifestations represents an allergic response 
and the histological picture is not specific. 

In the granulomatous form, the biopsy of the 
lesion reveals typical spherules of C. Immitis. 
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This type may be present for many years. The 
skin test is usually positive. 

The disseminated or fatal form often comes on 
after several weeks or months following the pri- 
mary infection. 

Of great diagnostic aid is the skin test. The 
material used in our laboratory is supplied by 
Dr. Charles E. Smith of Stanford University. It 
is a filtrate of liquid cultures of coccidioides im- 
mitis. We use a dilution of 1 to 100, and it is 
found to be of sufficient strength. Higher dilu- 
tions are apt to produce false reactions. How- 
ever, in some of our cases of the disseminated 
form we have noticed a negative skin test using 
a dilution of 1 to 100, whereas by increasing the 
strength to 1 to 10 the reaction has been positive: 
From June 1947 until July 1948, we skin tested 
864 patients at the Kern General Hospital, of 
which 156 were positive or 18 per cent. During 
this same period 2753 patients were skin tested 
from the clinics, of which 563 were positive or 20 


percent. A total of 3617 skin tests yielded 719 
positive cases or 19 per cent. These patients 
were also tested with tuberculin. The latter does 
not interfere with the coccidioidin skin test. 
Another important diagnostic procedure is the 
serological test for coccidioidin infection. These 
tests were performed in the laboratory of Dr. 
Charles E. Smith of Stanford University and have 
proven to be of diagnostic and prognostic value. 
In this test one examines for precipitins and com- 
plement fixation. The precipitins appear before 
the complement fixation becomes strongly posi- 
tive. Table 1 illustrates a group of fatal and non- 
fatal patients whose serum was examined for 
precipitins and agglutinins. The prognosis and 
diagnosis was usually interpreted correctly by 
Dr. C- Smith. The spinal fluid usually shows the 
same changes found in the serum in cases of 
coccidioidal meningitis. In the fatal cases the 
first (PM 149) was a 34 year old white male who 
had symptoms of meningitis for 3 years. His 


SEROLOGICAL TESTS FOR COCCIDIOIDAL INFECTION 


COMPLEMENT FIXATION TEST 


FATAL 


PRECIPITIN TEST _ 


1216 | 1232 | 1: x 1:128 1:256 


CASES 


Undi- 
luted 1:10 1:0 1:100 | PROGNOSIS DIAGNOSIS 
Primary 
Good Active Infection 


Primary 


Active Primary 
Hopeful Infection 

Active Primary 
Hopeful Infection 
Hopeful Active Primary 


Infection 


Active Primary 
Infection 


Abscess with 
Dissemination 


HH 
| 


| Teo 


| 


THE QUARTERLY 


Meningitis 


Meningitis 


Prima 
Diss eminat ed 


Primary 
Disseminated 


Page Five 


_ 

PN. 

PM 

| 0 | |e | Grave | 


serum on repeated examinations indicated a chro- 
nic infection. In cases PM 222 and PM 199 the 
sera suggested a severe primary dissemination. 
In case D.R. we have an example of a young 
resident who recently contracted his primary pul- 
monary infection while working at the hospital. 
His complement fixation test was weakly positive 
up to 1 to 4 dilution, while his precipitin tests 
were strongly positive. Such a case must be 
watched very closely. Serological tests will be 
repeated at regular intervals: It is six months 
since he contracted coccidioidomycosis and at 
present he appears to be handling his infection 
favorably as indicated by serological and X-ray 
examinations. 


We have recently reviewed 45 fatal cases of 
disseminated coccidioidomycosis coming to au- 
topsy from a series of 2890 consecutive necrop- 
sies, an incidence of 1.5 per cent. Our series 
constitutes the largest number of fatal cases to 
be reported from one institution. In 1936 the Los 
Angeles General Hospital files contained 36 fatal 
cases of coccidioidomycosis which were studied 
from a series of 12,000 autopsies. In 1946 Forbus5 
reported 50 cases taken from the files of the army 
Institute of Pathology. These cases were col- 
lected from all parts of the world in the armed 
forces. As to race there were colored—19 cases 
or 42.4%, white—12 cases or 26.6%, Filippino— 
11 cases or 24.4%, Mexican—2 cases or 4.4% and 
Indian—1 case or 2.2%. The high incidence in 
the colored race is probably due to the same social 
and economic causes similarly found in tubercu- 
losis. The youngest patient in our series was 5 
months and the oldest was 64 years. They were 
distributed as follows: up to 1 year 1 case; 1 to 
10 years 4 cases; 11 to 20 years 2 cases; 21 to 30 
years 14 cases; 31 to 40 years 18 cases; 41 to 50 
years 5 cases, and over 60 years 1 case. Between 
51 and 60 years there were no cases seen. 


Anatomically no organ is immune in coccidioi- 
domysosis. The lungs showed the highest inci- 
dence, 37 cases. The brain was involved in 23 
cases in the form of a basillar meningitis. The 
other organs affected in their order of frequency 
were lymph nodes, spleen, bones (vertebra par- 
ticularly), skin, liver, prostate, kidney, heart, and 
adrenal. The gross examination of the organs is 
often confused for tuberculosis. Cavitation in the 
lung may mimic tuberculosis, however in cocci- 
dioides the wall is often much thinner. The 
caseous form of pulmonary coccidioidomycosis 
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may also be mistaken for tuberculosis. In these 
cases histological sections reveal an inflammaiory 
exudate, large numbers of spherules with endo- 


FIGURE 1. Section of lung showing pneumonic process. 
Note single spherules of C. Immitis. H.E. x 100. 


spores (see figure 1) and ruptured spherules with 
escaping endospores (see figure2 ). Typical tuber- 
cle formation is not common as seen in the 
chronic granuloma form. In the latter, epithe- 
lioid cell tubercles with giant cells are common: 
The giant cells often show engulfed spherules 
(see figure 3). A nodular form is occasionally 
seen simulating a neoplasm. Some cases of coc- 
cidioidal osteomyelitis of the vertebra produce 
either an unilateral or bilateral psoas abscess 
which gross]y cannot be differentiated from tuber- 
culosis. In several of our cases the diagnosis was 
not suspected clinically. Spherules usually can 
be demonstrated in smears made from the puru- 
lent exudate stained with hematoxylin and eosin. 
The sternum and the skull are also frequent sites 
involved. 

In coccidioidal meningitis the exudate is found 
usually at the base. The exudate becomes thick 
and firm and causes an obstruction of the circu- 
lating spinal fluid. This results in a marked in- 
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ternal hydrocephalus and final death of the 
patient. 
The skin when affected may be the site of sinus 


FIGURE 2. Spherule showing rupture of capsule and es- 
cape of endospores. H.E. x 200. 


formation of a chronic nature. The disseminated 
form of coccidioidomycosis may be associated 
with a pustular eruption in the skin. In one of 
our cases the face was severely affected. Smears 
from one of the pustules showed large numbers 
of spherules. 

Symptoms: 

The primary infection in the lung is usually 
characterized by a cough, malaise, chest pain, 
anorexia and a slight fever. After two to four 
weeks the symptoms usually subside. In the pro- 
gressive type the patient may also have high 
fever, chills, and night sweats. If the meninges 
become involved the patient develops headaches, 
nausea and vomiting. These patients with menin- 
gitis differ from tuberculous patients in that they 
are not in a continuous stupor but are rather 
quite alert when they are free from their head- 
aches and vomiting. Some of these patients may 
be up and about for weeks or months at a time. 
In the meningeal form the spinal fluid examina- 
tion is very important as indicated by the agglu- 
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tination tests and the colloidal gold. The curve 
takes on a paretic appearance. The cell count is 
increased while the type cell is not characteris- 
tic. Some cases show a lymphocytosis and in 
others the polymorphs are increased. The sedi- 
mentation rate is usually increased. 

X-ray examination of the chest or bones is not 
specific. In the chest the changes may simulate 
tuberculosis or pneumonia. The bones show an 
osteolytic process similar to tuberculosis. A biop- 
sy of the bone lesion usually reveals the spher- 
ules, and the correct diagnosis is thus made. Large 
hilar lymph nodes on X-ray films have been mis- 
taken for Hodgkin’s Disease. In several cases 
sternal puncture permitted the recovery of spher- 
ules and a diagnosis of coccidioidal granuloma in 
the sternum prior to X-ray examination was 
made. 

Summary and Conclusion 

Although coccidioidomycosis is extremely rare 
in the middle west, it behooves the clinician to 
be alerted to the possibility of this infection, 
especially if one has been a member of the armed 
forces during the war and particularly if the 
patient was stationed in the southern part of 
California, Arizona, New Mexico, or western 
Texas. These patients should have skin tests 
with coccidioidin (dilution of 1 to 100), X-ray 


FIGURE 3. Section shows granulomatous reaction with 
giant cells containing degenerative forms of C. Immitis. 
H.E. x 590. 
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examination of the chest and sputum examina- 
tion for spherules. 

In suspicious cases of meningitis the comple- 
ment fixation and precipitin tests should be made 
on the sera and spinal fluid. The colloidal gold 
gives a paretic type of curve. 

In active cases the sedimentation rate is in- 
creased. The blood may reveal an eosinophilia 
up to 15 per cent. Any suspicious lesion should 
be biopsied for the presence of spherules. As- 
pirated material or sputum should be cultured 
using Sabouraud’s media, and may be inoculated 
into guinea pigs. 

Although the morbidity has been high for cocci- 
dioidomycosis in the “San Joaquin Valley,” the 
mortality has been low and is exceeded by tuber- 
culosis. 

Since 1933 there has been 45 cases coming to 
autopsy. As to race there were 42% Negroes and 
24% Filippinos. The males are more frequently 
affected than females, a ratio of 3 to 1- The ma- 
jority of the patients were between 21 to 40 years 
of age. 

Coccidioidomycosis is a granulomatous infec- 
tious disease. The granulomatous form resembles 


N HOPE of bringing to light some of the con- 
I cepts of electrolytic equilibrium which might 
be of clinical value, we are presenting informa- 
tion obtained from the works of H. L. Gamble and 
those other men who have delved into the study 
of extracellular fluid and its relation to patho- 
physiology. 

Extracellular fluid, replaces in its essential fea- 
tures, and still closely resembles, the external 
environment of the early forms of sea life. This 
fact may act as a reminder of the close relation- 
ship existing between cells of all types, be they 
by themselves, as the protozoans, or living in 
groups with differentiated functional activities as 
the metazoans. The aqueous medium surround- 
ing the tissue cells is the vehicle for waste and 
nutrient transport and its constantcy in osmotic 
pressure, ionic concentration, pH and tempera- 
ture, measures the normal physico-chemical ac- 
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RESPIRATORY AND METABOLIC DISTURBANCES AND THEIR 


LABORATORY DIFFERENTIATION 
By WALLACE L. SALZMAN, MLB. 


tuberculosis and the acute suppurative form re. 
sembles the ordinary pyogenic disease. 

The most frequent sites of the lesions which 
resulted from the dissemination of C. Imniitis 
were the lungs, brain, lymph nodes, bones, and 
skin. The above indicates a hematogenous route, 
as well as local lymphogenous from the lungs to 
the regional lymph nodes. 

The characteristic reaction of the body to C, 
Immitis is inflammatory and may be either sup- 
purative or granulomatous. 
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tivity within the body. When these qualities of 
extracellular fluid are normal, we may assume 
that normal tissue metabolism is taking place, 
and with a change in the components of the fluid 
a similar change can be expected within the cell 
itself. We can therefore see that extracellular 
fluid not only maintains the cell, but also reflects 
cellular disability. 

Although constancy of these vital factors is 
essential for the maintenance of life, a yielding 
system is the only one which could come with a 
unit like the human body, whose water intake is 
unpredictable and whose output and intake vary 
with the weather, the activity and the time of 
day. By constancy we do not mean that there is 
one level of normal, but rather that there exists 
a normal range, which when not maintained is 
reflected by the body in the symptomatology of 
some pathological entity, 
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There are many mechanisms which the body 
may utilize to maintain the pH at a normal level 
of approximately 7.4. Except for carbonic acid, 
the bicarbonate ion and the proteins, the level 
of the plasma components is controlled by the 
kidney. The range of the hydrogen (or hydro- 
nium) ion concentration compatible with life is 
from one ten millionth to one one hundred mil- 
lionth of a gram per liter. The basis of control 
of ionized hydrogen at this ultriminute concen- 
tration which the biologic processes require is 
the almost uniquely small extent of hydrogen 
dissociation from the largest end product of meta- 
bolism, carbonic acid. The level of carbonic acid 
is controlled by the respiratory mechanism and 
in the presence of its salts, the slight extent of 
dissociation of hydrogen becomes even smaller, 
due to the common ion effect: 


HHCO:2 H+ + 

BHCO:2 B+ + HCO’ 
This gives the blood an excellent buffering sys- 
tem. The best buffering range of carbonic acid 
and its salts is at a pH of 6.1, but with the aid of 
the respiratory control of the carbon dioxide con- 
centration in the alveoli, and by this means in 
the blood stream, the use of this method is made 
feasible. 

At a pH of 7.4 there are 3 vol % of carbonic 
acid in the blood and 60 vol % of HCO-; that the 
ratio between the two compounds is 1/20. This 
ratio should be remembered, because no matter 
what the total CO: combining power might be, 
as long as the ratio between the carbonic acid 
and bicarbonate maintains itself at this normal 
physiologic level, the pH of the blood will remain 
normal, but with a change in either direction 
there will be a change in the pH. 

Study of the pathogenesis of metabolic and 
respiratory acidosis and alkalosis reveals several 
basic principles which if understood will clear 
up all the confusion related to this subject. In 
metabolism disturbances there is primarily a 
change in the bicarbonate ion and in respiratory 
disturbances the primary change is in the car- 
bonic acid level of the blood. 

Disturbances of a metabolic nature may be 
divided into 3 main headings: 

1. Impairment of Renal Function. 

2. Loss of Gastrointestinal Secretions. 
Abnormal Acids in Extracellular Fluid. 

1. Impairment of Renal Function 
As stated previously, the kidney controls the 
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level of all plasma constituents, except the car- 
bonic acid, bicarbonate and the proteins. If, as 
in chronic nephritis and other conditions mani- 
fested by poor kidney function there is a reten- 
tion of normally excreted substances as sulfates, 
chlorides and phosphates, there must be an asso- 
ciated decrease in another anion, so that there is 
the same number of milliequivalents of both 
anions and cations. The most labile plasma com- 
ponent not under the control of the kidney is the 
bicarbonate ion and it changes inversely to the 
change of the retained waste products. With a 
decrease in the bicarbonate ion, we note a change 
in the 1/20 ratio, and unless a corresponding de- 
crease in the carbonic acid takes place the pH of 
the blood will be changed. By respiratory accel- 
eration the body attempts to compensate in the 
following manner. The blowing off of CO: de- 
creases the CO, partial pressure in alveoli to less 
than normal. This decrease is followed by a de- 
crease in the carbonic acid of the blood, which 
depends on alveolar concentration for the main- 
tenance of its normal physiologic level. If the 
retention is severe and the level of retained 
wastes mount rapidly, the hyperpnea is unable 
to completely compensate for the fall in the bi- 
carbonates. The ratio between the bicarbonates 
and carbonic acid is permanently changed, and 
this results in a permanent change of the pH. 
Although there is a marked drop in the total CO. 
combining power, there is a relative greater 
amount of carbonic acid which results in an 
acidosis. The acidosis is the result of a primary 
change in the bicarbonate fraction and is there- 
fore known as a metabolic acidosis. 


In Nephrosis there is a marked albuminuria 
which lowers the plasma protein to pathologic 
levels. If this were the only change we would 
have a need for a greater amount of anions, and 
the bicarbonates would be raised. The drop in 
the protein, however, is accompanied by a marked 
rise in the blood chlorides which more than com- 
pensate for the protein loss. This hyperchloremia 
produces a decrease in the bicarbonate ion, just 
as the retained products of kidney failure did in 
the above example. It is because of this, that we 
frequently find nephrotics in slight acidosis. 
Whether or not the rise in chlorides is due to poor 
kidney function, or is a method that the body 
uses to compensate for protein loss and maintain 
electrolytic equilibrium, is not yet known. If 
there is a marked loss of fixed base such as the 
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sodium ion, the decrease in cations will be imme- 
diately followed by a decrease in anions and once 
again the level of bicarbonate may be changed. 
This is the situation which we may find in adre- 
nal disorders such as in Addisons disease. 


2. Loss of Gastrointestinal Secretions 

Depending upon the character of the fluid lost 
in diarrhea and regurgitation, we have a vari- 
ance in the resulting status of the electrolytic 
balance. The electrolytic composition of the gas- 
trointestinal secretions at various levels of the 
tract differ. Gastric juice has nearly all its anions 
in the form of chlorides; pancreatic juice has a 
high concentration of bicarbonates, although 
some chlorides are also present; hepatic duct bile 
has a greater amount of chlorides than bicar- 
bonates, but the concentration of the fixed base 
sodium is rather high in this secretion, and a 
loss of sodium would be mirrored by an anion 
loss of bicarbonates; the jejunal secretions have 
a content similar to bile. Knowing the marked 
difference in electrolytic content makes one more 
readily understand why obstructions at different 
levels of the intestinal tract produce completely 
different clinical pictures. The contents of the 
regurgitated fluid will determine whether or not 
a patient will go into acidosis or alkalosis. In 
Hypertrophic Pyloric stenosis there is a great 
loss of chlorides. The rapid depression of the 
chlorides, must be compensated for by a rise in 
another anion so that there will be electrolytic 
balance. The rise in bicarbonate is at first easily 
compensated for by a depression of respiration. 
The shallow breathing causes a rise in the CO, 
partial pressure of the alveoli and a correspond- 
ing rise of the carbonic acid level in the blood. If 
the hypochloremia produced by constant regurgi- 
tation is very marked, the body is unable to pro- 
duce a rise in the carbonic acid which will be 
sufficient to maintain a 1/20 ratio. It is when 
this crisis has been reached that we have a rela- 
tively greater amount of bicarbonate in the blood 
and a resulting metabolic alkalosis. Note that the 
primary change was once again of the bicarbon- 
ate ion, and for this reason we label the alkalosis 
in the metabolic classification. 

If the obstruction is further down and the vom- 
itus contains a high percentage of bicarbonate 
and fixed base the resultant situation is a meta- 
bolic acidosis. One may logically determine what 
the result of the electrolytic loss will be. If the 
bicarbonates are primarily decreased we have a 
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terminal acidosis, if they are increased we nave 
a resultant alkalosis. 

The marked loss of fluids and dehydration, the 
lack of glucose and starvation all play a role in 
the final picture of gastrointestinal emissions, 
The dehydration results in poor kidney function 
and a retention of waste phosphates, chlorides 
and sulfates. The starvation produces an in. 
crease in the concentration of ketone bodies in 
the serum. When both of these factors are taken 
into consideration the terminal picture may be 
somewhat different and apparently paradoxical. 
If the obstruction is located high in the duo- 
denum, one must expect an alkalosis due to the 
marked chloride loss and the bicarbonate in- 
crease. If, however, the patient is in a cachectic 
state and is starving, there will be an increase 
in the concentration of ketones in the blood 
serum which will force the bicarbonate level 
down and produce an acidosis rather than an 
alkalosis. 


3. Abnormal Acids in Extracellular Fluid. 


We find in diabetes a liver controlling a sugar 
level which has been markedly raised because of 
pancreatic deficiency or pituitary and adrenal 
excess. If there is sufficient glycogen in the liver 
to produce glucose, or if the level of glucose in 
the blood is high enough to maintain the new 
high pathological level, there will be no attempt 
on the part of the liver to utilize its fat and pro- 
tein deposits. If, however, according to Soskin, 
the glucose level is not maintained, the liver will 
begin metabolizing an excess of ketone bodies 
which the muscles of the body will be unable to 
utilize. This rise in ketone bodies produces a 
depression of bicarbonate and results in a meta- 
bolic acidosis. It is this acidosis which may be 
most severe because of the rapid formation of 
ketone bodies. The typical Kussmaul breathing 
is the attempt on the part of the body by deep 
inspiration to bring the carbonic acid level of the 
blood down as rapidly as the bicarbonates fall. 
However, as may be noted by the large number 
of patients brought into the emergency room in 
severe acidosis, the mechanism of compensation 
is usually unsuccessful. 

We have briefly discussed the various patho- 
genesis of metabolic acidosis and alkalosis, due 
to primary bicarbonate change. We must now 
recognize the existence of a respiratory type of 
both types of pH change, which may be difficult 
to differentiate from the metabolic clinical pic- 
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ture. In the respiratory disturbances the pri- 
mary change is in the carbonic acid level. There 
is an attempt on the part of the body to bring 
about a similar change in the bicarbonate as will 
soon be described. 

By means of hyperventilation we may primar- 
ily produce a decrease in the partial carbon 
dioxide pressure in the pulmonary alveoli. This, 
in turn, will produce a decrease in the serum car- 
bonic acid. With a lowering of the carbonic acid 
level the 1/20 ratio is disturbed and the bicarbon- 
ate is eliminated in order to maintain a physiolog- 
ical pH. It is due to the body’s inability to com- 
pletely compensate for the primary change that 
we find a relative greater amount of bicarbonate 
in the serum, which produces an alkalosis. This 
is a respiratory alkalosis because the primary dis- 
turbance was one of respiratory abnormality. 
Hyperventilation may be due to over-anxiety as 
in the hypervnetilation syndrome, to salicylate 
intoxication, or it may manifest itself as part of a 
postencephalitic syndrome. The Hyperpnea may 
appear similar to that which we find in metabolic 
acidosis, but in respiratory alkalosis it is pri- 
mary while in metabolic acidosis it is secondary. 
It was thought at one time that the salicylates 
produced an acidosis and resulted in the hyperp- 
nea, but this was found not to be true. The sali- 
cylates apparently act on the central respiratory 
control centers directly. 


The normal CO: partial pressure in the alveoli 
of the lung is 6 vol %. Since the coefficient of 
absorption into the serum is 50%, the amount of 
CO. in the form of carbonic acid found in the 
serum is 3 vol %. If there should be an enlarge- 
ment of the alveoli with a relative loss of elastic- 
ity of the pulmonary parenchyma, there would be 
a stagnation of air in the alveoli and the CO, 
partial pressure would rise considerably. This 


is the process which is taking place in Emphy- 
sema-: The rise in alveolar partial pressure pro- 
duces a rise in the carbonic acid level of the 
serum. Once more we find an attempt at com- 
pensation by raising bicarbonates in order to 
maintain the 1/20 ratio, but as we have found in 
previous conditions the compensation is incom- 
plete with a resulting respiratory acidosis. 


In reviewing the above we note the following: 


1) In metabolic acidosis there is a decrease 
in the total CO. combining power. 

2) In respiratory alkalosis there is also a de- 
crease in the total CO: combining power. 

3) In metabolic alkalosis there is an increase 
in the total CO: combining power. 

4) In respiratory acidosis there is also an in- 
crease in the total CO. combining power. 


How may we differentiate between the first 
two and the second two if the CO. change is in 
the same direction. Clinically, the individual who 
is in respiratory alkalosis may show signs of 
tetany due to a decrease in the level of ionized 
calcium in the serum. This is due to increase of 
non-diffusable calcium with greater alkalosis. If, 
however, we have cerebral edema accompanying 
a metabolic acidosis the signs of depression and 
stupor may have an excitatory phase superim- 
posed. If we are familiar with the history of the 
patient, no problem is posed and we may treat 
accordingly, but we certainly should not treat a 
patient for an acidosis when he is in alkalosis. 
The problem may be easily solved by determining 
the pH of the blood, for in alkalosis the pH will 
be above normal and in acidosis the pH will be 
below normal. We can readily see that if the pH 
of blood is determined at the same time that the 
CO: combining power is determined, a clearer pic- 
ture of the process which is going on will be 
obtained. 
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SPECTROPHOTOMETRIC DETERMINATION OF EPINEPHRINE AND 
OF AN EPINEPHRINE-LIKE SUBSTANCE WHICH CAN BE 


OBTAINED FROM AUTOLYZING ADRENAL GLANDS 


By RICHARD G. ROBERTS, Ph.D., and DORIS M. HILKER 
From the Department of Biochemistry of The Chicago Medical School 


N AN investigation of the dialysis of various 
I autolyzing glands it has been found that an 
epinephrine-like substance can be obtained from 
whole adrenal glands by mincing the glands in 
a food chopper, grinding the product with sand 
in a mortar and then dialyzing the paste against 
distilled water at 10° C. The pressor substance 
found in the dialysate has been named “epine- 
phrine like” since the pressor curve given by it 
when it was injected into dogs was practically 
identical with the pressor curve given by the 
P.D. adrenalin control, but the pressor substance 
could not be precipitated from solution by the 
addition of strong ammonium hydroxide as can 
be done with free adrenalin base. The dialysate 
which contained the pressor substance was col- 
ored a bluish-violet which resembled strongly the 
color given by a biuret reaction. The bluish-violet 
color continued to dialyze from the bag for ten 
days after which the dialysate became yellowish. 
The pressor substance continued to dialyze from 
the bag for seventy days. The dialysate never 
turned pink when left exposed to air as a solution 
of adrenalin will do, although the emerald green 
Vulpian reaction with ferric chloride could be 
obtained at any time. An appraisal of these re- 
sults would indicate that the dialysate was an 
epinephrine conjugate. Later work showed that 
the conjugate yielded epinephrine on acid hy- 
drolysis. 

The origin and chemical nature of the bluish- 
violet color, however, remained unexplained. 
Therefore, dialysates were prepared from pitui- 
tary, thyroid, kidney, pancreas, spleen and heart 
tissue, but the bluish-violet color did not develop. 
Also, several hundred grams of adrenal tissue 
were carefully ashed in a muffle furnace at 600° C 
and varied quantities of gray ash were added to 
P.D. adrenalin in aqueous solution at pH values 
ranging from pH 1.0 to pH 7.0 but no color devel- 
oped, also when stainless steel knives were sub- 
stituted for the food chopper no color developed 
in the dialysate. Guided by the results obtained, 
various metallic salts were added to solutions of 
P.D. adrenalin. One of the salts tried, ferric am- 
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monium oxalate, gave a color which to the un- 
aided eye, resembled the bluish-violet color of 
the dialysate from the adrenal glands. Spectro- 
photometric curves of both solutions were made 


EXTINGTION 
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WAVE LENGTH IN MM 


500 600 


FIGURE 1. The broken line represents the extinction curve 
that was obtained by using P.D. adrenalin and ferric 
ammonium oxalate. The unbroken line represents the 
extinction curve obtained from autolyzing adrenal glands. 
The P.D. adrenalin curve is slightly sharper than the 
curve from the dialysate but both curves center at 552 
mili micra. The depth of the absorbing liquid was 1.0 cm. 


on a Beckman quartz spectrophotometer and it 
can be seen (Fig. 1) that the two curves are 
almost identical. A dialyzing bag to which iron 
oxide had been added in addition to the ground 
adrenal glands gave a darker blue-violet colored 
dialysate than the bags to which no iron had been 


added. The dialysate was pink when sodium. 


oxalate was added in the same way. An attempt 
was made to extract the bluish-violet color from 
solution by such solvents as ether, alcohol, chloro- 
form, benzene and carbon tetrachloride, but this 
was unsuccessful. In comparing the bluish-violet 
dialysates with solutions of adrenalin to which 
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ammonium oxalate had been added, 10% HCl was 
added to both solutions; the dialysate turned 
colorless and the solution of adrenalin and ferric 
ammonium oxalate became a light yellow. When 
10% NaOH was added to the dialysate it turned 
pink, but an orange precipitate formed when 10% 
NaOH was added to the adrenalin and ferric am- 
monium oxalate solution. These results led us to 
the conclusion that the bluish-violet color was a 
complex of adrenalin and ferric iron with some 
organic compound but not necessarily with an 
oxalate. 


Since Folin (1) and others have shown that 
ascorbic acid and uric acid, both contained in 
adrenal glands, often interfered with the forma- 
tion of colored compounds of epinephrine and 
certain metallic salts, it seemed advisable to re- 
move them or inactivate them in adrenal extracts. 
Edlbacher and Leuthardt (2) state that ascorbic 
acid and minute amounts of copper will inacti- 
vate urease. It seemed possible to us that the 
reverse might also be true and that urease with- 
out the copper might inactivate ascorbic acid. 
Therefore, urease was added to a solution of 
epinephrine which also contained uric acid and 
ascorbic acid and the ferric ammonium oxalate 
was added after warming for a period of ten 
minutes. The bluish-violet color developed. When 
ferric ammonium oxalate was added to a solution 
containing adrenalin and ascorbic acid the color 
did not develop. Uric acid does not prevent the 
formation of the color nor does it give the color 
itself as it does in Folin’s method. Apparently 
the ferric ammonium oxalate as such is not spe- 
cic for the color since other ferric salts and oxa- 
lates together with adrenalin gave similar results. 
Ferrous salts and oxalates when added together 
to adrenalin, however, gave negative results. 


Since the color developed by epinephrine and 
ferric ammonium oxalate is more stable than the 
color developed by Folin’s method and since the 
sensitivity is as great or greater than that given 
by his method and by other methods also, and 
since uric acid does not interfere in our method 
and ascorbic acid can be blocked, we have deter- 
mined the average K value of the bluish-violet 
compound so that the method described by us can 
be used for a quantitative spectrophotometric de- 
termination of epinephrine. A curve has been 
plotted for per cent transmission and concentra- 
tion on semi-logarithmic paper using the data 
given in the method. 
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Spectrophotometric Method for the 
Determination of Epinephrine 


To a 12.5 mg sample in 250 cc of H:O, add 2 cc 
of a 10% solution of ferric ammonium oxalate 
Shake well and let 
stand for 10 to 15 minutes, then read in a spec- 
trophotometer at 555 mu. The average K value 
obtained by us from Beer’s law is 8.4. Seven 
points plotted on semi-logarithmic paper are: 


Cencentration, mg/100 cc Transmission, 
5.0 45.5 
48 47.5 
4.0 53.8 
3.4 57.8 
3.0 60.7 
2-4 67.0 
2.0 71.1 


This method is accurate from less than 1% to 
5% as the greatest variation. If the concentra- 
tion of epinephrine is very small and the green 
of the reagent masks the characteristic bluish- 
violet color, it is advisable to use a larger sample 
and less of the reagent. 

Uric acid does not interfere with the test, but ° 
ascorbic acid prevents the formation of the color. 
However, this can be avoided if 0.1 gm of urease 
is added to the sample in about 25 ce of H:O and 
warmed for 10 minutes. Dilute to 250 cc and add 
the reagent. This solution can then be filtered 
through a fine sintered glass filter or cleared by 
adding A1(OH):, centrifuging and decanting. 

Two compounds somewhat similar to epine- 
phrine in structure, catechol and pyrogallic acid 
give a bluish color with ferric ammonium oxalate. 
However, they do not interfere with the quanti- 
tative determination. Other compounds such as 
tyrosine, quinhydrone, recorcin, orcinol, phloro- 
glucinol and ephedrine form yellow to pink colors 
with the reagent, but they also do not interfere 
with the quantitative determination of epine- 
phrine. 

The bluish-violet color does not form in acid 
or basic solutions, therefore, the test is not ap- 
plicable to blood since in the usual methods acid 
must be used in precipitating the protein. 


Summary 


1- A spectrophotometric method has been de- 
veloped for the determination of epinephrine, 
which is dependent upon the formation of a blu- 
(Continued on page 28) 
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SUPPRESSION AND FACILITATION — A REVIEW 
By GEORGE CLARK, Ph.D. 


Depi. of Anatomy, Chicago Medical School 


N 1936 there appeared a report (Hines, 1) still 
[ only available in abstract form, which has 
had a profound effect upon current trends in 
neurophysiology. As a result of this work or 
more exactly as a result of experiments based on 
this report, the term suppression has been added 
to our armamentarium and the phenomenon 
which it names is being used to explain decere- 
brate rigidity and spasticity. There is, however, 
no general account and since the discussions in 
current textbooks are at best garbled a short re- 
view seems indicated. This will be done under 
the following subdivisions: first a generalized 
- account will be given which will serve as a quick 
survey of the field, then specific portions of that 
account will be examined, next two theories of 
A decerebrate rigidity and spasticity will be dis- 
: cussed and, finally, a synthesis will be attempted. 


Suppression is that particular form of inhibi- 
tion which is concerned primarily with the halt- 
ing of activity in neural tissue by stimulation of 
other neural tissue at a suprasegmental level. It 
a must not be confused with reciprocal innervation 
* in which there is inhibition of opposing activity. 


Suppression was first described as a cortical phe- FIGURE I. Lateral and medial views of the brain of the 
monkey (Macaca mulatta). These were redrawn from 
nomenon and this phase should be considered various sources. The lateral view was combined from 


first. In Figure I are shown lateral and medial several figures in Volume IV of the Illinois Monographs in 
the Medical Sciences (1944). Two versions of area 8 are 


ei atalic 


views of the brain of the macaque monkey (the shown. The one includes only the areas enclosed by the 4 
animal on which most studies of suppression have dotted lines and the accompanying fissure while the other i 
=i been made). It will be seen that five regions are includes the area enclosed by the interrupted lines and the a 
same fissure. The other suppressor bands are also en- 
delimited by dotted lines. These are the five closed by dotted lines. The medial view was redrawn : 
suppressor areas: 8, 4s, 2, 19 and 24.* It should from Smith (16). The following abbreviations apply to i 
all figures: A—anterior commissure, BP—basis pedunculi, 
be noted that these figures are only suggestive of C—cerebellum, CC—corpus callosum, CG—central gray, 4 
the actual figures of Brodmann (see Hines, 2, p. F—facial nerve, H—hypoglossal nucleus and nerve, MI— 4 
massa intermedia, MLF—median longitudinal fasciculus, 
8). Electrical stimulation or strychninization** O—inferior olive, P—pons, PN—posterior column nuclei, 
of these bands are said to produce three types of PY—pyramidal tract, R—inferior reticular nucleus, SC— 


superior colliculus, T—nucleus of the spinal root of the 
trigeminal nerve, TS—tractus solitarius and V—vestibular 


*There is a certain convenience in the use of. 
the Brodmann system of nomenclature notwith- : ? 
standing the fact that such an extensive sub- a weak solution of strychnine to the surface of 
division of the cortex cannot be defended on his- the brain or the injection of variable amounts of z 
tological grounds (Lashley and Clark, 3). In this such a solution into subcortical structures. There 5 
paper this numbering is used to suggest approxi- results a hypersynchrony of discharge of the ; 
mate cortical location and certainly with no in- affected neurons which is manifest by the large P 
tention of implying that each of these areas is potential changes that may be shown by appro- : 
either structurally or functionally distinct. priate electrical recording mechanisms. Since it 
ae produces a hypersynchrony of discharge rather 

**The strychninization method was developed than simply activation only cells and not fibers : 
by Dusser de Barenne and his associates and has are primarily excited. The temporal dispersion 
been widely used by that group (McCulloch, 4) of the resultant nervous impulses at synapses i 
and sporadically by others. It consists in the presumably makes it impossible to demonstrate : 
application of small bits of filter paper soaked in these effects beyond the first synapse. 4 
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effects: (1) relaxation of any existing muscular 
contraction, (2) a holding in abeyance of the mo- 
tor after-discharge (but not the cortical electrical 
after-discharge) set up by antecedent stimulation 
of other cortical foci, and (3) a suppression of 
motor response to stimulation of any motor focus. 


This last is accompanied by a spreading de- 
pression of the electrical activity of the cortex. 
Incomplete suppression of a motor response would 
be indicated either by a decrease in amplitude of 
a response or by an increase in threshhold. 

The time elements of these three differ. The 
first two—relaxation of an existing muscular con- 
traction and the holding in abeyance of motor 
after discharge—have little or no latency while 
the third—suppression of a motor response—has 
arather long latency which varies with the depth 
of anesthesia, stimulus strength and stimulus 
duration. No discussion of the pathways invdlved 
in the first two elements has been found but both 
suppression of a motor response and suppression 
of electrical activity of the cortex involve sub- 
cortical circuits. 

Fibers pass from all the suppressor bands to 
two subcortical structures: the caudate nucleus 
and the bulbar inhibitor area. From the caudate 
nucleus the pathway essential for suppression of 
the electrical activity of the cortex passes to the 
thalamus and thence to the cortex. In Figure II 
is shown a midsagittal reconstruction of the brain 
stem of the monkey with the location of the bul- 
bar inhibitory area indicated by the dotted line 
and in Figure III are shown four transverse sec- 
tions through the bulbar reticular formation in 
the cat with the points from which inhibition 
was obtained indicated by the black circles. The 
exact course of the descending fibers from this 
bulbar inhibitory area has not been determined. 
However, the effects of bulbar stimulation are 
bilateral, the descending fibers within the spinal 
cord are concentrated in the medial portion of 
the ventral half of the lateral column and the 
partial crossings are entirely spinal. 

No account of suppression would be complete 
without some consideration of facilitation, the 
counterpart of suppression. Outlined by the in- 
terrupted line in Figure II is an area where 
stimulation at a strength insufficient to produce 
activity by itself will augment the motor response 
to stimulation elsewhere, either at cortical, sub- 
cortical or even spinal levels- It will be seen 
that the area is practically coextensive with the 
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FIGURE II. Projection of the facilitatory region (enclosed 
by interrupted line) and inhibitory area (enclosed by dotted 
line) upon a median sagittal section of the brain stem of 
the monkey. This figure was redrawn from various sources 
(39, 40, 43 and 54). 


reticular formation of the upper brain stem. At 
caudal levels it is found only in the lateral por- 
tions of the brain stem for the medial portion 
(see Figure III) is occupied by the inhibitory 
area. Descending connections from this facilita- 
tory area are both crossed and uncrossed with 
the sites of crossing not exclusively spinal as in 
the case of the descending inhibitory fibers. 

The usual decerebration interrupts the projec- 
tion fibers of the suppressor areas and “denerv- 
ates” the bulbar inhibitory area. The facilitatory 
region, however, receives impulses from the 
ascending sensory systems and thus its facilita- 
tory action on the spinal internuncial pools is not 
seriously affected. The resultant inbalance of 
inhibitory and facilitatory action produces the 
increased extensor tonus that has been termed 
decerebrate rigidity. In the chronic state another 
facet of this inbalance is seen. The stretch reflex 
is unchecked by inhibitory impulses and aug- 
mented by the unopposed facilitatory impulses. 
The result is the triad—hyperactive deep reflexes, 
easily induced clonus and increased resistance to 


FIGURE III. Four transverse sections through the lower 
brain stem of the cat showing the location of bulbar points 
whose stimulction gave inhibitory effects (black circles) or 
facilitatory effects (crosses). Abbreviations as in Figure I. 
This figure was copied from Magoun and Rhines (39). 
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passive manipulation—that is collectively termed 
spasticity. 

This abbreviated summary of suppression and 
facilitation seems simple and the suggestions as 
to their primary role in decerebrate rigidity and 
spasticity reasonable, however, there are wide- 
spread discrepancies in the experimental evi- 
dence. Many of these will be noted as the spe- 
cific details of these two phenomena—suppression 
and facilitation—are discussed under the follow- 
ing subdivisions: (1) suppression of the electrical 
activity of the cortex, (2) effects of stimulation 
of suppressor areas, (3) effects of extirpation of 
of suppressor areas, (4) the pathways involved in 
suppression, and, finally, (5) miscellaneous re- 
marks. 

Pathways for Electrical Suppression 

One of the aspects of suppression is that elec- 
trical stimulation or strychninization of any of 
the suppressor bands will produce a marked 
“flattening out” of the electrocorticogram after 
a latency which varies with the physiological 
state of the animal. This has been termed sup- 
pression of the electrical activity of the cortex. 
With a battery of electrodes placed on the cortex 
it has been shown that beginning at the area 
stimulated this process passes in wavelike form 
across the cortex so that nearby points may be 
recovering while more distant points are fully 
suppressed: It has been shown further that the 
contralateral hemisphere is affected as well as 
the ipsilateral hemisphere. This spread to the 
opposite hemisphere survives section of the cor- 
pus callosum. The impulses travel directly to 
the caudate nucleus from the stimulated point 
for after strychninization of small areas of any 
of the suppressor bands strychnine spikes may 
be picked up from the caudate nucleus. The re- 
ports (McCulloch, 4) indicate some localization 
within the caudate for area 19 projects to the 
tail of the caudate while 4s and 8 project to its 
head but exact details have never been reported. 

Using the same method area 4 has been shown 
to project to the putamen and area 6 to the 
putamen and to the lateral segment of the globus 
pailidus but suppressor areas are said to have 
no direct connections with these two nuclei. 
These results are interesting for they would indi- 
cate that the putamen and caudate nuclei have 
different functions. Anatomists have long in- 
sisted that since the caudate and putamen are 
similar morphologically they must have similar 
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functions and indeed they are often considered as 
a single structure secondarily invaded by the 
internal capsule. Does this indicate that such 
morphological evidence may be extremely mis- 
leading? The pathway from 4s to the caudate 
nucleus has been said to be via unmyelinated col- 
laterals from fibers in the internal capsule (Glees, 
5) that were originally described by Cajal, as 
Mettler (6) has said, however, the “precise limits 
of the cortical areas” which give rise to these 
fibers is not known. The remainder of the path- 
way is given by McCulloch (4) who stated that 
“the suppression of electrical activity of the 
cortex has been shown to depend on impulses 
reaching the nucleus caudatus and thence in- 
directly interrupting in the ventrolateral nuclei 
of the thalamus that regular rhythmic oscilllation 
of voltages between sensory cortex and thalamus 
without which there are no ordinary ‘spontane- 
ous’ electrical waves of the sensory cortex.” 
Marchi studies (Ranson and Ranson, 7; Glees, 
8) have not demonstrated direct connection from 
the striatum to the ventrolateral nuclei and since 
intrathalamic connections are rare (Krieg, 9) 
there is as yet no anatomical basis for the above 
quoted statement. In fact, much of the pathway 
is hard to visualize morphologically. Commis- 
sural connections between the basal ganglia are 
insignificant while the “wave-like” progression of 
the electrical suppression across the cortex would 
seem to require a very complicated system of in- 
trathalamic connections. 

Summary. There are so many gaps in the data 
on the pathways whereby suppression of the 
electrical activity of the cortex is propagated that 
definite statements are not warranted. About all 
that can be said is that fibers pass from the sup- 
pressor areas to the caudate nucleus without 
synapse and that this nuclear mass is an essential 
link in the pathway but that the remainder of its 
course is entirely hypothetical. 


Effects of Stimulation of Suppressor Areas 

The principle features of the effects of stimu- 
lation of suppressor areas in anesthetized prep- 
arations have been given in the introduction. 
Most of these have been observed in the three 
reports of suppression in the human. The first 
case was reported by Garol and Bucy (10). The 
cortex of their patient, from whom portions of 
the motor cortex were subsequently removed for 
relief of persistent unilateral tremor, was stimu- 
lated with a 60 cycle sine wave stimulator under 


THE QUARTERLY 


: 
3 
a 
il 


light ether anesthesia. They report the following. 
Stimulation of one particular area evoked imme- 
diate relaxation of existing muscular tension in 
the contralateral arm (the position of the patient 
precluded testing other extremities). After such 
stimulation the threshold in the region just an- 
terior to the central fissure was markedly in- 
creased. Also a motor after-discharge elicited by 
supraliminal stimulation of the motor area was 
abruptly stopped about 5-10 seconds after stimu- 
lation of the suppressor region. Niemeyer (11) 
extended these findings. In his patient he found 
that stimulation of a region (in the approximate 
position described by Garol and Bucy (10)) pro- 
duced a decrease in the spontaneous electrical 
activity of the cortex and the disappearance of 
a contralateral tremor. This patient was given 
pentothal in addition to the local anesthesia at 
the time of breaking the bone flap. Hecaen, David 
and Talairach (12) also found that cortical stimu- 
lation could inhibit tremor and simultaneously 
evoke a complete loss of tonus which persisted 
for some time. At another point the tremor was 
suppressed with no effect on tonus- Again this 
suppressor area was located in about the same 
position as in the two other reports. 


The report of Garol and Bucy (10) mentioned 
above, further complicates the question of latency 
of these responses. None of these reports on 
studies of experimental animals suggest an appre- 
ciable delay before suppressor band stimulation 
is able “to hold in abeyance a cortical motor 
after-discharge,” yet Garol and Bucy (10) report 
a latency of 5-10 seconds. Since they confirm the 
usual report of prompt inhibition of existing mus- 
cular tone the difference in latency of the two 
responses indicates that they may have in com- 
mon only the property of being elicitable from 
the same area and with the same stimulus. Simi- 
larly, Hecaen, David and Talairach (12) report 
that at one point the tremor could be inhibited 
without affecting muscle tone. This too, may be 
taken to indicate that the two responses differ 
in their underlying mechanisms. 

Another inexplicable facet of suppression is 
the long and variable latency for suppression of 
a motor response. Where temporal summation to 
a tetanic stimulation or where endocrine secre- 
tion is involved latencies of a few seconds are 
not at all unusual but the reviewer, at least, can 
not visualize how the response to stimulation of 
a cortical area may have a latency of minutes 
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while stimulation of the bulbar inhibitory area, 
which is said to be activated by impulses from 
the same cortical area, evokes the same response 
with no appreciable delay. Even if long delay 
paths were involved it would not be easy to 
understand and in this case the evidence from 
strychninization experiments indicates that the 
pathway is directly from cortex to bulbar in- 
hibitory area with no synapses. 


There are two reports of stimulation of sup- 
pressor areas in unanesthetized experimental 
animals. In the first of these (Clark and Ward, 
13) monkeys were used. The experiment was 
based on the assumption that if head or head and 
eye movements (Bailey, Dusser de Barenne, Garol 
and McCullock, 14) could be evoked by stimula- 
tion of an electrode implanted in this region, then 
the electrode must be located on the anterior sup- 
pressor band. They found no evidence for sup- 
pression. Instead there was, as elsewhere in the 
region anterior to the central sulcus, potentiation 
of the responses evoked by consecutive or con- 
current stimulation of an electrode located in the 
eyefields and another on a motor point: Clark, 
Chow, Gillaspy and Klotz (15) implanted one 
electrode on the limbic suppressor area and an- 
other on the motor cortex in a series of dogs. 
They, too, report potentiation of the responses. 
Instead of suppression of clonus they report con- 
vulsions from stimuli of only slightly greater 
strength than that necessary to induce the altera- 
tions in respiration which are so typical of this 
region. (Smith, 16; Ward, 17; Kremer, 18.) Under 
Dial anesthesia, however, they were able to elicit 
typical suppression. It should be noted, in con- 
nection with this failure to induce suppression in 
the unanesthetized experimental animal, that in 
their several publications on stimulation of the 
cortex in unanesthetized humans, Penfield and 
his associates make no mention of suppression. 

As far as “suppressor” effects are concerned 
there is apparently no difference in the responses 
evoked by stimulation of the various suppressor 
bands. However, by stimulation of 8 and 19 head 
and eye movements may be elicited and by stimu- 
lation of the limbic suppressor band a number of 
different types of responses may occur. These in- 
clude alterations in respiration, heart rate and 
blood pressure, piloerection, pupillary dilatation, 
vocalization, etc. Any of these may occur alone 
or in various combinations but there have been 
no suggestions as to the cause of these variations 
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in response. In the two papers on stimulation of 
this region in the monkey the suppressor effects 
are similar but there are discrepancies which 
might possibly be explained on the basis of dif- 
ferences in anesthesia and types of stimulating 
current. 

One report is difficult to explain. McCulloch, 
Graf and Magoun (19) report that on strychnini- 
zation of 4s, strychnine spikes may be picked up 
in the pyramidal tract and motor twitches may 
be seen in the contralateral limb. They suggest 
that these were due to the activation of cells in 
area 4 but fail to mention the important ques- 
tion of why this activity was not suppressed. 

The statement has been made repeatedly, in 
articles on suppression, that when one traces a 
response point by point by “secondary facilita- 
tion” suppressor bands interfere with the proce- 
dure, for if, in so doing, these bands are stimu- 
lated, no further responses are obtainable (Dusser 
de Barenne, Garol and McCulloch, 20). This 
sounds quite reasonable but such workers have 
apparently failed to compare their maps with re- 
ports of secondary facilitation. Thus, Ward and 
Clark (21) describe such facilitation in the cat. 
If one compares their diagram of the course of 
a particular facilitation (their Figure 3) with a 
diagram of the suppressor bands in the cat as 
described by Garol (22) (his Figure 2) it is ap- 
parent that Ward and Clark (21) did carry sec- 
ondary facilitation across a suppressor band. The 
reason for this discrepancy is not apparent but 
the failure of authors to consider the relevant 
earlier literature cannot be condoned. 


Another discrepancy in reports of inhibition 
following cortical stimulation stems from the re- 
port of Hines (23). In this paper, which is rou- 
tinely cited by workers in the field of suppression, 
the statement is made that stimulation of the 
strip area (later called 4s) produced relaxation of 
tonic extension while stimulation of area 6 
evoked relaxation of tonic flexion. Although this 
reviewer has noted many citations of this paper 
of Hines, no other discussion of this inhibition 
from area 6 has been encountered. The reason 
is not apparent. 


Summary. A consideration of the reported data 
on stimulation of suppressor bands does not clar- 
ify the material. Instead, there is revealed a 
maze of ill-digested material with many contra- 
dictions and inconsistencies. There is superficial 
agreement between these reports but nothing 
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more. There can be no question that suppression 
of motor after-discharge, suppression of existing 
muscular activity, suppression of the electrical 
activity, suppression of the response to electrical 
stimulation of motor points and, in the human, 
suppression of tremor have been repeatedly dem- 
onstrated: The different and variable latencies of 
these responses, the inconsistencies in the various 
reports, the reported failure to obtain any evi- 
dence of suppression in unanesthetized dogs or 
monkeys, although suppression has been demon- 
strated in slightly narcotized humans, makes one 
wonder if we are dealing with a number of more 
or less related phenomena. If this is the case, 
superficial generalizations may well hinder fur- 
ther progress. 


Results of Extirpation of Suppressor Areas 


In a discussion of the effects of ablations of the 
peristriate and eyefields regions (Lashley (24) 
has recently stated that “The disagreement of 
results emphasizes the need for more detailed 
anatomic control of physiologic studies. Methods 
for analysis of cerebral lesions are still very 
crude. If the subjects survive for any length of 
time the Marchi method is inapplicable and de- 
generation of fibers can be identified only in 
large tracts. Retrograde degeneration may also 
become more difficult to define accurately. Never- 
theless, histological examination of serial sections 
does provide information which cannot be ob- 
tained at operation or by gross examination at 
necropsy. The study of cerebral function has 
progressed to the point where utilization of every 
possible anatomic control is essential for inter- 
pretation of the data. Neither Jacobsen, Ades, 
nor Kennard has described the experimental 
lesions adequately and the significance of their 
results for specialization of cortical areas is equi- 
vocal.” By the inclusion of more names in the 
last sentence of the above quotation it would 
apply exactly to reports on extirpation of the 
suppressor bands. Since it is hardly possible from 
the various reports themselves to determine why 
they differ and since the various authors have 
almost routinely ignored discrepancies, it is not 
possible to do more than record the reported 
deficiency syndromes and note some of the dis- 
crepancies. 

While there are several reports on the re- 
sults of hemidecortication or even hemispherec- 
tomy in various species there could be found only 
one attempt to remove in one animal all the 
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suppressor areas of one hemisphere (Ward, 17). 
In this animal (monkey) there was “minimal or 
no spacticity of the contralateral extremities.” 
In the same paper various behavioral changes 
resulting from ablation of the limbic suppressor 
band are discussed and the statement is made 
that “there was no change in motor control, deep 
reflexes, muscle tone or resistance to manipula- 
tion” Lashley (24) and Ades (25) both removed 
in the monkey most if not all of area 19 plus 
additional tissue. Neither of these mention any 
additional tissue. None of these mention any 
spasticity nor, in unilateral operations, any dif- 
ference in motor control of the two sides. Among 
those who have attempted to remove area 8 may 
be mentioned Mettler (26), Kennard (27) and 
Clark and Lashley (28). None of these mention 
finding spasticity, increased resistance to passive 
movement or any other of the numerous symp- 
toms that one could reasonably anticipate en- 
countering following suppressor band ablations. 
As mentioned earlier Ward (17) found no alter- 
ations in motor control, deep reflexes, muscle 
tone or resistance to passive motion although he 
did find various behavioral changes confirming 
the earlier report of Smith (29). No reports of 
isolated removal of the parietal suppressor band 
(area 2) were found but there were two recent 
accounts of larger ablations in this region (Peele, 
30; Kennard and Kessler, 31) with fairly detailed 
accounts of motor performance. These two pa- 
pers, while agreeing as to the initial findings, 
disagree as to the amount of recovery. Both 
found that there was at first a decrease in resist- 
ance to passive motion, a decrease in tendon 
reflexes and hypotonia. While both agree that 
the hypotonia was persistant Kennard and Kess- 
ler (31) found that the resistance to passive 
manipulation gradually returned to normal and 
that deep reflexes ultimately became hyperactive. 
This hyperactivity of deep reflexes is the only 
suggestion of any of the symptoms one could 
expect from suppressor band ablation. 


In contrast to the other suppressor bands abla- 
tion of 4s has routinely been reported to produce 
alterations in motor performance. The classic 
descriptions of Hines (1, 23) include the follow- 
ing. Ablation of the strip area (4s) produces a 
differential muscular hypertonus which is max- 
imal in the extensors of the knee and flexors of 
the elbow. Clonus is easily induced and tendon 
reflexes are brisk. These phenomena are bilateral 
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although predominantly contralateral and are 
apparently permanent with bilateral removals. 
Cannon, Magoun and Windle (32) removed the 
“anterior border of 4 and the posterior border of 
6”, approximately the area removed by Hines 
(1936, 1937) with rather different results. They 
report a transient spasticity in the flexor muscles 
of both contralateral extremities without clonus 
but with permanent hyperactivity of deep re- 
flexes. They consider their results similar to 
those of Kennard and Welch (33) These latter 
workers, however, appear to believe that removal 
of medial portions of area 6 is essential and they 
also state that this ‘“‘paralysis in flexion” followed 
simultaneous removals only and that unilateral 
or seriatim ablations failed to produce the flexor 
posture. Unexplainedly in their smallest area 
6(?) lesion there was also damage to the corpus 
callosum. Since there were no details as to the 
exact tissue destroyed or the thalamic degenera- 
tion that resulted, it would seem that repetition 
of the experiments would be the only way to 
reconcile these reports. 


A very interesting finding of Kennard and 
McCulloch (34) and of Hines and Boynton (35) 
is that stimulation of 4s in the fetal monkey 
(Hines) or new born monkey will produce the 
usual suppressor effects but that ablation of 4s 
is not followed by spasticity. If these animals 
are allowed to survive, however, moderate spas- 
ticity does develop when they become about six 
months old. The significance of this is only con- 
jectural except as it casts doubt on the hypothesis 
that spasticity is due to the denervation of the 
structure whose excitation produces suppression. 

There are several reports of Mettler (6, 26, 36, 
37) and of Hines (2, 23) which should be read 
in the originals. As the work of the initiator of 
these studies on suppression, the reports of Hines 
warrants consideration. In addition the logical 
organization and the inclusion of much otherwise 
unreported material makes them extremely valu- 
able. Mettler’s reports include a wealth of phy- 
siological data and, in welcome addition, sufficient 
anatomical data to enable one to have a fair idea 
cf the extent of most of the lesions. Only a few 
features of these papers can be mentioned. The 
expected signs of suppressor band ablation—hy- 
peractive deep reflexes, clonus and increased 
resistance to passive motion—were found after 
removal of 4s but the severity and duration of 
these symptoms increased as additional tissue 
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was removed. Thus, the result of complete frontal 
lobectomy (sparing 24?) which means of course 
the removal of much non-suppressor band tissue 
in addition to 4s and 8, was a marked increase in 
severity of symptoms as compared with simple 
4s ablations. Mettler (37) too, has insisted on 
and presented adequate evidence to prove that 
removal of basal ganglia in addition to even a 
compiete hemidecortication increases the severity 
of the suppressor band syndrome. 

On the basis of the general theory given in the 
introduction the above results are hard to under- 
stand. Since all the suppressor bands project on 
the bulbar inhibitory area and the results of their 
stimulation (at least with regard to lower motor 
neurons) are interpreted in terms of the activa- 
tion of the bulbar inhibitory area, the results of 
their ablation should thus be explicable in terms 
of denervation of the bulbar inhibitory area. How 
can it be possible, under these conditions, for 
removals of 8, 19, 24 and 2 (except for the hyper- 
refiexia in one of two reports) to precipitate none 
of the phenomena that are seen following re- 
moval of the other suppressor band (4s)? More- 
over, how can ablation of 4s be followed in one 
case by extensor rigidity and in another by flexor 
rigidity? And further, how can one account for 
the lack of effect following removal of all the 
suppressor bands by Ward (17)? Also how can 
removal of nonsuppressor areas increase the ef- 
fects of suppressor removal? The extent to which 
these questions will be reconciled when the 
studies are repeated with adequate anatomical 
control is problematical, but espousing one posi- 
tion and ignoring the inconsistencies will not 
advance cortical physiology. 


Summary. It is possible that when a large va- 
riety of cortical ablations are made which are 
adequately controlled anatomically and carefully 
studied physiologically, it will be possible to 
reconcile the many discrepancies in the reports 
of deficiency syndromes. It is only possible to 
state that at present there is insufficient evidence 
to confirm what could reasonably be expected 
from the general theory given in the introduction. 


Pathways of Suppression and Facilitation 
Specific information on the pathways involved 
in suppression and in facilitation of motor re- 
sponses are limited to a few papers but there is 
a myriad of reports dealing with the pathways 
involved in spasticity and with decerebrate rigid- 
ity. It would be impossible and perhaps pointless, 


Page Twenty 


to cite each of this latter group for usually the 
anatomical details of the extent of the lesions 2nd 
the pathways destroyed are not given. Some will 
be considered, however, which pose interesting 
questions or which suggest a means of approech 
to the problem. Dusser de Barenne and McCul- 
loch (38) studied the effect of various subcortical 
ablations on the suppression produced by stimu- 
lation of 4s. They found that the following struc- 
tures were severally unnecessary for the occur- 
ence of suppression: putamen, caudate nuclues, 
globus pallidus, thalamus, substantia nigra and 
cerebellum. McCulloch, Graf and Magoun (19) 
used the stereotaxic instrument to orient elec- 
trodes in an attempt to pick up subcortically the 
strychnine spikes following strychninization of 
areas 4s. Apparently they studied only the dis- 
tribution of potentials in the medulla and lower 
pons. They found that the region from which 
these strychnine spikes could be recorded was 
coextensive with the bulbar inhibitory area (Ma- 
goun and Rhines, 39). At that time they found 
evidence only for descending connections from the 
ipsilateral cortex. Unexplainedly they mention 
recording strychnine spikes from the pyramidal 
tract and mention that motor twitches of the 
contralateral limbs were present “at the height 
of activity.” This is a surprising statement for 
one would assume that such twitches would have 
been completely suppressed. Later Magoun and 
Rhines (40) apparently found descending con- 
nections from the contralateral hemisphere as 
well. Do these findings indicate that negative 
findings by the strychnine method, as in the 
Marchi method, are only of suggestive value? 
McCulloch, Graf and Magoun (19) also attempted 
to determine at what point this descending path- 
way diverged from the pyramidal tract. While 
strychnine spikes were recorded from the bulbar 
inhibitory area after section of one of the pyra- 
mids at the caudal border of the pons, a similar 
section of the basis pedunculi at the rostral bor- 
der of the pons eliminated the spiking although 
they were still present on the contralateral side 
following strychninization of the opposite area 4s. 
In the latter case, the most medial portion was 
intact. This was taken to indicate that the fibers 
from 4s diverged from the descending cortico- 
spinal tract in the pons. Since it has been shown 
by Cannon, Magoun and Windle (32) that the 
“fibers whose interruption is responsible for the 
phenomenon of hypertonicity and those dealing 
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with clonus, for the most part, have deviated 
from the corticospinal projection prior to reach- 
ing cerebral peduncle,” should this be taken to 
mean that the descending connections from 4s 
are responsible only for hyperreflexia? Each of 
these findings is also hard to correlate with the 
report of Weed (41) that stimulation of the mesial 
1/5 of the basis pedunculi inhibited decerebrate 
rigidity for this is approximately the portion left 
intact by McCulloch, Magoun and Graff (19) in 
their lesion at the anterior border of the pons 
Verhaart and Kennard (42), using the Marchi 
method, traced fibers from 4s through the internal 
capsule, basis pedunculi to the homolateral pons. 
Hines (2) confirmed this projection to the pontile 
tegmentum and also traced pyramidal fibers from 
4s to the contralateral spinal cord. One conjec- 
tures whether the difference in results might 
have been due either to poor impregnation with 


‘osmic acid or to the cortical lesions involving 


more than 4s. By electrical stimulation of the 
bulbar inhibitory area after placing appropriate 
spinal lesions, Niemer and Magoun (43) demon- 
strated that the descending pathway was widely 
distributed in the ventral and lateral funiculi of 
of the spinal cord with a concentration in the 
ventral portion of the lateral column. A similar 
localization was reported for the pathway con- 
cerned with decerebrate rigidity by Liddell, 
Matthes, Oldberg and Ruch (44). As stated by 
Magoun and Rhines (40) this agrees in many re- 
spects with the reports of Hyndman (45) and of 
Putman (46) in man, and of Wagley (47) in the 
monkey. However, these reports do not agree 
too well in some details. For example, Wagley’s 
monkey WL had hyperreflexia following a par- 
tial lesion of the ventral funiculus while in others 
with lateral column lesions the prominent symp- 
tom was an increased resistance to passive mo- 
tion. The lesion in Wagley’s monkey WsL, which 
had brisk tendon reflexes and increased resist- 
ance to passive motion was located, as near as 
can be determined, entirely within the portion of 
the lateral column found unessential for either 
facilitation or inhibition of motor responses by 
Niemer and Magoun (43). The reason for these 
discrepancies is not clear. They could be taken 
either to indicate wide individual differences in 
location of descending pathways or to suggest the 
possibility that several different processes are 
concerned. 


Inhibition of cortically induced or spontaneous 
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movements has also been reported from stimula- 
tion of the striatum. Since there is no data on 
the descending pathways involved the relation- 
ship between this striatal inhibition and suppres- 
sion is problematical. Mettler (36) has recently 
summarized this material- Stimulation of prac- 
tically all parts of the caudate nucleus and puta- 
men resulted in the inhibition of cortically in- 
duced or of spontaneous movements. The effects 
are bilateral and there is no indication of soma- 
topical localization. In some reports Mettler and 
his associates (48, 49) indicate that movements 
contralateral to the nucleus stimulated are more 
easily inhibited while Freeman and Krasno (50) 
found the effect more marked ipsilateral to the 
nucleus stimulated. The later also report auto- 
nomic effects which may indicate that the sup- 
pressor system of McCulloch and Magoun are 
not concerned. It should be stressed that this 
striatal inhibition of movement is induced by 
stimulation of both the caudate nucleus and the 
putamen which make it unlikely that it bears any 
relation to the suppression of electrical activity 
of the cortex in which the putamen plays no part. 


It has long been known that stimulation of the 
anterior lobe of the cerebellum would produce 
relaxation in the extended limbs of a decerebrate 
preparation. This is now being actively investi- 
gated and several of the more important papers 
are still available only in abstract form. Although 
there is information indicating that the cerebellar 
suppressor and facilitatory system act through 
the bulbar inhibitory area and the reticular facili- 
tatory region, the fact that there is some evidence 
of somatopical localization and the presence of 
antonomic effects make it necessary to reserve 
judgment until more information is available. 

Relaxation of existing muscular tension has 
been reported to have been evoked by cortical 
stimulation too weak to induce movement. This 
has been noted in the anesthetized cat (Tower, 
51) and in the unanesthetized monkey (Clark 
and Ward, 52). In view of the internuncial in- 
hibitory theory of Brooks and Eccles (53) any 
relation of such relaxation to suppression is 
questionable. 

As noted in the introduction the facilitatory 
region as outlined by Rhines and Magoun (54) 
includes practically all the reticular formation 
not included in the inhibitory area. Stimulation 
of points within this area, with a_ stimulus 
strength subliminal for motor responses, was 
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found to potentiate the response to stimulation 
of motor cortex, bulbar pyramid, peripheral 
nerves, etc. Niemer and Magoun (43) have shown 
that in the spinal cord the descending connections 
from this facilitatory region are distributed simi- 
larly to those from the bulbar inhibitory area but 
extend slightly farther ventrally. Potentiation 
of responses to stimulation of fibers in the pyra- 
mids by concurrent excitation of the facilitatory 
region continued after an acute decortication 
(Rhines and Magoun, 54). This was taken to in- 
dicate that the site of facilitation lay at the level 
of the lower motor neuron. However, this con- 
cept, that the connections from the facilitatory 
region are entirely descending may not, perhaps, 
be correct. The experiments of Rhines and Ma- 
goun (39) certainly rule out the possibility that 
the site of facilitation is solely cortical but they 
do not rule out the possibility that both descend- 
ing and ascending connections exist. Ranson (55) 
for example, found it necessary to assume ascend- 
ing connections from the anterior portion of the 
facilitatory region in order to explain the hyper- 
somnelence he found in a series of monkeys. 
Lacking this “upward drive” or in other words, 
the constant play of facilitatory impulses from 
hypothalamus to cortex, the monkeys were 
sleepy. The pathway he assumed from hypo- 
thalamus to thalamus to cortex is the same as- 
sumed by, Murphy and Gellhorn (56) to explain 
the potentiation of responses to cortical stimula- 
tion by subliminal excitation of the hypothal- 
amus. Certainly facilitation at a cortical level 
does exist, for Clark and Ward (13), describe 
augmentation of responses by concurrent or con- 
secutive stimulation of two cortical points in 
unanesthetized monkeys. 


The low frequency pyramidal discharges stud- 
ied by Adrian and Moruzzi (57) has been sug- 
gested (Magoun and Rhines, 40) as the basis for 
the hypotonia resulting from area 4 ablations 
(see Mettler, 26 for literature and confirmation) 
section of the basis pedunculi (Cannon, Magoun 
and Windle, 32) the bulbar pyramid (Tower, 58) 
and the lateral corticospinal tract (Wagley, 47). 
This, then, would be a second facilitatory path- 
way and a second facilitatory mechanism. What- 
ever may be the explanation for these reported 
hypotonicities the possibility should be con- 
sidered that they are not related. Recently, Liddel 
and Phillips (59) have reinvestigated the effects 
of section of the pyramidal tract. They took 
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especial care to damage the blood supply as lit‘le 
as possible and ascribe their results to their oper- 
ative technic. They were able to routinely dein- 
onstrate hypertonia in the cat with sectioned 
pyramids: However, in those animals in which 
additional damage occurred hypotonia not hyper- 
tonia was found. Since Tower’s findings in the 
monkey (58) duplicated her findings in the cat 
(60) it might be predicted that extensor rigidity 
would result from uncomplicated pyramidal sec- 
tion in the monkey. If so, this would eliminate 
the possibility that the loss of the low frequency 
discharges studied by Adrian and Moruzzi (57) 
were responsible for the hypotonicity from area 4 
lesions. It would also indicate the need for con- 
sidering another inhibitory pathway. Incident- 
ally, the complicated fiber spectrum of the pyra- 
midal tract (Lassek and Rasmussen, 61, Lassek, 
62) certainly suggests the possibility that the 
pyramidal tract is much more than simply an 
initiator of willed movements. 


Another facilitatory influence is provided by 
the vestibular system. This will be discussed in 
more detail later in connection with the Ward 
theory of decerebrate rigidity. It suffices to men- 
tion here that the vestibular system, while it may 
have as yet undiscovered connection with the 
bulbar inhibitory area and the reticular facilita- 
tory region, has its own effect on the spinal 
internuncial pools and impulses over this system 
are essential for the maintenance of decerebrate 
rigidity. While we have some knowledge of the 
interrelationship between the vestibular system 
and the flocculonodular lobe of the cerebellum, 
the part that the vestibular system plays, if any, 
in the interplay between cerebellum and facili- 
tatory reticular system remains to be discovered. 

Ward (63) has recently reviewed a few of the 
older papers on the course of the tract (or tracts) 
whose interruption precipitates decerebrate rigid- 
ity. Many of these lack anatomical detail and in 
few of them is there any indication of any other 
than a gross inspection of the lesions so their 
evidence is largely suggestive. They unite, how- 
ever, in indicating that most of the fibers decus- 
sate between the superior and inferior colliculi. 
This decussation is definitely below the level of 
the decussation of the pathway whose interrup- 
tion resulted in homolateral exaggeration of re- 
flexes (Mettler and Zimmerman, 63). The extent 
of the decussation is also hard to reconcile with 
the strychninization experiments. The apparent 


THE QUARTERLY 


| 
5 
q 


lack of agreement in these findings is also con- 
trary to the generalizations given in the introduc- 
tion to this paper. 

Ward (64) has also attributed the atonia fol- 
lowing transection through the cephalic pons 
(Keller, 65) as directly due to destruction of the 
facilitatory region. This is hardly consistent with 
the remainder of the paper cited for Keller (65) 
also reported that after lateral transverse lesions 
in the pons, which would damage the facilitatory 
region and probably leave intact the inhibitory 
area, tone and postural reflexes are unaltered 
while a section which spares the lateral tegmental 
area, when in cephalic pons, produces an atonia 
similar to that of the complete transaction. This 
latter finding is very hard to reconcile with some 
of Ward’s (64) experiments where he placed 
lesions in the tegmentum with the stereotaxic 
instrument. The only conclusion possible is that 
these apparently discordant facts suggest the 
need for further work. 

This review of the pathways involved in sup- 
pression and facilitation has disclosed three 
trends which should be stressed. First, there are 
a number of inconsistencies which must be recon- 
ciled before any comprehensive theory can be 
elaborated. Second, the separation of the ele- 
ments of the triad of spasticity—clonus, hyper- 
reflexia and increased resistance to passive mo- 
tion—by lesions at several different levels poses 
the question as to whether one mechanism can 
be responsible for each. And finally, the possi- 
bility has been raised that there may be several 
facilitatory and inhibitory pathways and thus the 
probability of several different mechanisms. 


Miscellaneous Remarks 

It was stated in the introduction that theoretical 
explanations of decerebrate rigidity and spasticity 
had been developed which attempted to explain 
these phenomena solely on the basis of suppres- 
sor and facilitatory systems. These theories— 
decerebrate rigidity (Ward, 64) and spasticity 
(Magoun and Rhines, 40)—will now be considered 
on the basis of the material covered in this 
review. 

Ward’s (64) studies of the effects of NaCN 
poisoning led him to attempt to integrate the 
suppressor and facilitatory effects into a theory 
explaining decerebrate rigidity. He stated “The 
hypothesis is advanced that both NaCN and ap- 
propriate lesions in the midbrain produce decere- 
brate rigidity by interrupting all afferent im- 
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pulses to the bulbar suppressor region, thereby 
causing a deprivation-paralysis of that structure. 
The facilitatory region in the lateral pontile teg- 
mentum, however, continues to receive afferent 
impulses from the cranial nerve nuclei as well as 
from the cord, and thus its facilitatory influence 
on the internuncial pools of the ventral horns of 
the cord continues unchecked. The balance be- 
tween inhibitory and facilitatory impulses arriv- 
ing in the cord is thereby upset. In the absence 
of impulses from the suppressor region in the 
bulb, this internuncial activity is greatly in- 
creased and is manifested peripherally as ex- 
tensor rigidity.” While this was a rather bold 
generalization, it appeared to have considerable 
merit and it certainly correlated a great maze of 
data. It was amenable, however, to experimental 
analysis and the following year, Bach and Ma- 
goun (66) conclusively demonstrated that it was 
only partially correct. This was done by com- 
paring the effects of lesions of the reticular 
facilitatory system with those of the vestibular 
system. Section in the brainstem or in the spinal 
cord of descending fibers from the facilitatory 
reticular formation produced a transient disap- 
pearance or diminution of the extensor rigidity 
in decerebrate cats which was followed by a re- 
turn to the original rigid state. Destruction of the 
vestibular nuclei (confirming Fulton, Liddell and 
Rioch, 67) or their descending connections termi- 
nated the rigidity. Bach and Magoun (66) very 
conservatively concluded that “while facilitatory 
reticulo-spinal connections contribute to the main- 
tenance of decerebrate rigidity, they are not able, 
acting alone, to maintain it nor is their action 
essential for its maintenance, as is that of the 
vestibulo-spinal system.” 


In a recent monograph, Magoun and Rhines 
(40) have attempted to integrate the suppressor 
and facilitatory systems with the stretch reflex 
into a general theory of spasticity. Their thesis 
is that the spastic state is simply the result of 
the loss of impulses from the bulbar inhibitory 
area which ordinarily hold in check the stretch 
reflex while impulses from the facilitatory reticu- 
lar formation still serve to augment the stretch 
reflex. The bulbar inhibitory area is therefor 
only a relay center for the cortical suppessor 
areas while the facilitatory areas may be acti- 
vated by ascending sensory fibers. This theory is 
probably an overgeneralization. It fails to ac- 
count for the following: (1) Ablation of only one 
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of the suppressor areas (4s) results in the symp- 
tomatology demanded by the theory, (2) Ablation 
of all the suppressor bands eliminates even the 
spasticity which follows ablation of 4s alone, 
(3) Ablation of nonsuppressor areas augments 
the spasticity resulting from 4s removals, (4) 
Hemidecortication but not unilateral removal of 
all suppressor bands produces spasticity, (5) 
Spasticity of cortical origin is enhanced by sub- 
cortical lesions, (6) Accounts of the pathways 
involved are inconsistent, (7) How can the vari- 
ous elements of the triad of spasticity be sep- 
arated by appropriate lesions at all levels, both 
above and below the reticular facilitatory and 
inhibitory systems? (8) How can the findings of 
extensor rigidity following section of the pyra- 
mids be reconciled with the theory? and finally, 
(9) There is the question of the identity of 
spacticity and augmented stretch reflexes. As 
Kennard has stated (68), heightened stretch re- 
flexes are ordinarily assumed to be the cause of 
spasticity but as she has also stated, it is difficult 
to explain hyperreflexia in a limb which shows 
diminished resistance to passive motion on such 
a basis. Similarly, it is difficult to explain the 
dorsiflexion of the wrist of the hemiplegic spider 
monkey or flexor rigidity after cortical lesions. 
While there is much provocative material in their 
discussion, and while there can be no doubt that 
the facilitatory and suppressor systems studied 
by Magoun and Rhines (40) probably play an 
important part in spasticity, the theory does not 
seem to account for all the facts. 


It is interesting to speculate on the lead sup- 
plied by Bach and Magoun (66), who, as men- 
tioned earlier, conclusively demonstrated that 
decerebrate rigidity was not due solely to an 
imbalance produced by a denervated inhibitory 
area in the presence of a virtually intact facili- 
tatory region. This suggests the idea that per- 
haps the triad of spasticity—hyperreflexia, easily 
induced clonus and increased resistance to pas- 
save flexion—and are not due solely to a similar 
imbalance augmenting the stretch reflex. If so, 
what evidence is there for other systems which 
might also play a role. There are several of these. 
Magoun and Rhines (40) as noted earlier, accept 
the findings of Adrian and Moruzzi (57) and 
suggest that this could conceivably represent a 
second facilitatory system loss of which might 
account for the flaccidity following area 4 lesions. 
The “upward drive” of Ranson (55) by hypothal- 
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amic impulses to the thalamus and cortex inay 
well represent a third facilitatory system. There 
is possibly no connection but this third facili- 
tatory system might afford the basis for the 
decrease in spasticity (perhaps better the more 
facil use of spastic muscles) commonly seen in 
both the emotionally excited experimental ani- 
mal and certain spastic humans (Franz, 69). Also 
as mentioned earlier, the finding by Liddell and 
Phillips (59), of increased extensor tonus as a 
result of pure pyramidal section must be seriously 
considered. This suggests a second inhibitory 
pathway: Further, the inhibition of movement 
by striatal stimulation (which may or may not 
be through the bulbar inhibitory area) correlates 
well with the report of Liddell and Phillips (70) 
of an increase in extensor tone after striatal 
lesions. Although it should be kept in mind that, 
since contrary reports have been made, it re- 
quires confirmation. The striking increase in 
spasticity afforded when striatal lesions (Met- 
tler, 37) are added to a cortically induced spas- 
ticity may represent the confirmation. At least, 
however, there is a striatal suppressor mechanism 
whose descending pathway is not known and 
which may represent a third inhibitory pathway. 
It might also be mentioned that the connections 
of the various suppressor bands with the caudal 
portion of the cingular region has never been 
studied functionally and may be important. If 
these different facilitatory and inhibitory sys- 
tems play upon different spinal internuncial pools 
or upon different portions of spinal reentry cir- 
cuits, their action upon the lower motor neuron 
might well be the summation of their separate 
actions and one could anticipate the discrepancies 
found in attempting to cast them all into the 
one mold. 
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of Illinois. 
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February 9 “Recent Developments in the Phy- 
siology of the Frontal Lobes.” Dr. George 
Clark, Associate Professor of Neuroanatomy, 
The Chicago Medical School. 

February 16 ‘Art Treasures of the Chicago Art 

Institute.” Mr. Peter Pollock, Public Rela- 

tions Counsel, Art Institute of Chicago. 
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(Continued on page 40) 
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Dr. Jo Rogers Hood, ’36, announces the removal 
of his office from 118 So. 80th Street to 811 So. 
20th Street, Birmingham, Alabama. 

It’s a girl, Elaine Markoutsas, born to Dr. and 
Mrs. G. C. Markoutsas, ’40, on November 24, 1948. 

Dr. and Mrs. Joseph Liebross, ’42, proudly an- 
nounce the birth of Burton Alexander on Thanks- 
giving Day, November 25, 1948. What a happy 
holiday that was! 

The office of S. M. Lilienfeld, M.D., ’43, is now 
located at 22-79 Mott Avenue, Far Rockaway, N.Y. 

Dr. and Mrs. A. Howard, ’43, have given their 
four-year-old son a playmate, namely, Ronda Lyn, 
born December 8, 1948. 

John Arthur Reinitz was born to Dr. and Mrs. 
Arthur Henry Reinitz, 47, on December 12, 1948. 

Dr. Gordon Campbell, 47, has had to have ex- 
tensive surgery followed by plastic surgery. We 
are glad to know that he is improving and wish 
him the best of good fortune in starting his prac- 
tice again. 

Best of luck to Harold Dorin of the Freshman 
Class, who was married in Chicago to Miss Vir- 
ginia Fosdyke on January 22, 1949. 

Stuart Cohn, a more patient Freshman, will 
wait until June before he makes his fiance, Miss 
Carola Jacobson, his bride. 

The staff of The Quarterly joins the Freshman 
Class in congratulating Mr. and Mrs. Nelson 
Rangell on the birth of a son, Andrew Reed 
Rangell, December 22, 1948. 


* 
DEPARTMENT OF PHYSIOLOGY 
AND PHARMACOLOGY 


Two research assistants have joined the staff 
of the Department of Physiology and Pharma- 
cology. Mr. Sherwin Zalman will assist Dr. B. B. 
Blivaiss in his experiments on: 

a) the toxicity of di-hydrogenated ergot; and 

b) the ganglionic effects of thiamine and 

curare. 

Mr. Jack Handel will be asociated with Dr. A. 


H. Ryan who is at present studying the effects. 


of drugs on the nervous system. 
A paper by Drs. P. P. Foa, J. A. Smith and Miss 
H. Weinstein entitled “Curare-like Action of Thi- 
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amine” was published in the October 15, 1948, 
issue of Science. 

A paper on experimental work on “The Lipids 
of the Rat Brain and Liver in Choline Deficiency” 
by Dr. Foa, Miss Weinstein and Mr. Bernard 
Kleppel was published in the November 1948 is- 
sue of the Archives of Biochemistry. 

Drs. Smith, Foa, Miss Weinstein, Messrs. A. S. 
Ludwig and J. M. Wertheim published a paper 
discussing some “Aspects of Thiamine Toxicity” 
in the July 1948 issue of the Journal of Pharma- 
cology and Experimental Therapeutics. Phases 
of this work included the effects of thiamine on 
the intact animal, the effects of thiamine on the 
vascular system and the effects of thiamine on 
the heart. 


Dr. J. A. Smith reports that the Sandoz Phar- 
maceutial Company of Basle, Switzerland, and 
New York City has awarded him a research grant 
of $600. This grant was allotted for investiga- 
tion in the use of the Warburg Apparatus. In- 
creased knowledge of this apparatus is necessary 
for experimental work on the influence of thia- 
mine and insulin in vitro metabolism, and for 
the study of the effects of digitalis on the meta- 
bolism of embryonic hearts. 

Dr. Pierro Foa will conduct an elective course 
on the “Physiology of Symptoms.” 


DEPARTMENT OF BACTERIOLOGY 
AND PUBLIC HEALTH 


A paper by Dr. Irwin S. Nieman and Miss 
Nelda Holmgren entitled “A Comparison of the 
Immunogenicity for Guinea Pigs of BCG Cul- 
tured Intermittently and Continuously in the 
Presence of Bile,’ was published in the January 
1949 issue of the American Review of Tuber- 
culosis. 

Dr. Ernest Hartman presented a paper on “Dif- 
ferential Staining” at the December 1948 meeting 
of the Society of American Parasitologists. 

Dr. I. S. Nieman, Chairman of the Department 
of Microbiology and Public Health, announced 
that an elective course in “Virology” will be con- 
ducted in the near future. The course will be 
of the seminar type and will place emphasis on 
the newer diagnostic methods in Virology. 
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DEPARTMENT OF OTOLARYNGOLOGY 


Roland M. Loring, M.D., announces the open- 
ing of his office for the practice of eye, ear, nose 
and throat at 25 E. Washington St., Chicago. 


DEPARTMENT OF ANATOMY 
Dr. Leon Henri Strong and Mrs. Vahibe Strong 
had a baby son, Remzi Bogardus, on November 
10, 1948 (A-Day). It weighed 7 pounds, 11 ounces, 
is 23% inches, has red hair and blue eyes. 


DEPARTMENT OF PATHOLOGY 
Dr. and Mrs. Goldenberg had twin sons, Thom- 
as Edward and John David, on October 11, 1948. 
Thomas Edward weighed 5 pounds 14 ounces, 
while John David weighed 6 pounds 14 ounces. 


Wool: 


THE SCIENTIFIC PAPER. By Sam F. Trelease, 
Columbia University. Cloth. Pp. 152, with 8 
figures. The Williams & Wilkins Company, 
Baltimore 2, Maryland. 1947. 


Reviewed by Jerome Litt 

To those select few in the field of medicine 
who would eschew the actual practice of medi- 
cine to try their hand in the field of medical re- 
search — and to these few who would wish to 
convey their results in some fashion to their col- 
leagues in the outside world— this small book 
will prove extremely beneficial for such matters. 

The student who is confronted with the ard- 
uous task of “writing up” his data will find in 
this book many suggestions that should not 
only lighten his work, but enable him to present 
his material in a more effective way. It should 
be noted that one of the most important stages 
in any scientific investigation is the preparation 
of the results for publication, and that every 
student who is preparing for work in a scientific 
research field should realize early that proficiency 
in writing — like proficiency in laboratory ma- 
nipulations —is a highly important part of his 
education. 

While the directions given in this manual are, 
in the main, for the preparation of a thesis or 
dissertation, they apply also to the writing of 
other types of papers in science, agriculture, en- 
gineering, and medicine, and to the preparing 
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of manuscripts of a more popular nature on 
scientfic subjects. The contents include such 
basic material as the use of tenses, punctuation, 
italics, numbers, capitals, ete., and valuable in- 
formation is given concerning the logical presen- 
tation of ideas, and “making the paper interest- 
ing.” 

In short, this book is as indispensible to the 
aspirant of research as the thorough, concise, 
and chronological history of a patient’s illness is 
to the thorough-going clinician. 


Spectrophotometric Determination— 
(Continued from page 13) 


ish-violet color brought about by a reaction be- 
tween the epinephrine and ferric ammonium 
oxalate. 

2. The bluish-violet color which forms in the 
dialysate of minced adrenal glands has been 
found to have been formed by a reaction between 
an epinephrine-like substance and iron products 
from the food chopper. 


BIBLIOGRAPHY 
1. Folin, O., Cannon, W. B. and Denis, W., J. Biol. Chem., 
13, 477, 1912. 
2. Edlbacher, S.‘and Leuthardt, Klin. Woshschr. 12, 
1843, 1933. 


ATTENTION 
All Millionaires 


Don't read this ad. It is for those 
who are getting married or those 
who want to arrange for a ban- 
quet, dance, or meeting at a 
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If you enjoy dancing and want to see a com- 
plete floor show without mortgaging your home 
or leaving your grandmother as security, visit 


the beautiful GLASS HOUSE. There is NO 
COVER CHARGE at any time. We serve lunch- 
eons, dinners, and late suppers until closing. 


The Emerald Room is an exquisite DINING 
ROOM where you can dine in comfort at MOD- 
ERATE PRICES. 


We shall sincerely appreciate the opportunity 
of serving you. Call on the phone or visit us 
personally for complete information. 


THE GRAEMERE HOTEL 


3400 Washington Blvd. 
Van Buren 6-7600 
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THE STORY OF A SUCCESSFUL 
ENDEAVOR 


The Chicago Medical School was organized 
in 1912 as the Chicago Hospital College of 
Medicine and Surgery, chartered by the State 
of Illinois as a non-profit institution. In 1919 
it was reorganized as The Chicago Medical 
School, at that time absorbing the Jenner 
Medical School. It was administered by a 
board of directors who served without com- 
pensation. Until 1925 the school had after. 
noon and evening sessions; from 1925 to 1927 
the junior and senior classes attended day 
sessions only, and since 1927 there have been 
only day classes. The school acquired its pres- 
ent location in the west side medical center 
of Chicago in 1930. 


Dr. John J. Sheinin, who has been inseparably connected with the 
history of the school, was appointed Professor and Chairman of the 
Department of Anatomy in 1932. He is responsible for the reorganiza- 
tion of the school and the improvement of its facilities since that time. 
In 1933 Dr. Sheinin built the library which is now a member of the 
Medical Library Association and the American Library Association. 
Also in that year Dr. Sheinin rebuilt the Anatomy Department, re- 
equipped the Dispensary, and in 1934 and 1935 he redesigned and 
equipped the amphitheaters and photographic departments. In Novem- 


ber 1935 the Board of Trustees appointed Dr. John J. Sheinin Dean of 
The Chicago Medical School. 


During the succeeding years the school was inspected several 
times by the Council on Medical Education of the American Medical 
Association and by the Association of American Medical Colleges, 
and each time Dr. Sheinin was praised for the advancements and im- 
provements which he had instituted. In 1946 Mr. Lester N. Selig 
was elected Chairman of the Board of Trustees. The following year 
the inspecting committee of the Council on Medical Education of the 
American Medical Association evaluated the school as being of ap- 
proved calibre for the pre-clinical years. In the summer of 1947 the 
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Mount Sinai Hospital affiliated with the school and was converted into 
a university teaching hospital. 


On November 9, 1948 the following announcement was made: 

“The Chicago Medical School now offers an endcational pro- 
gram that meets the standards for an approved medical school. 
A joint decision to this effect was taken by the American Asso- 
ciation of Medical Colleges and the Council on Education and 
Hospitals of the American Medical Association on November 9th 
as a result of the most survey of the school by representatives of 
these two organizations, conducted in October. 


“Therefore, the school is now included on the list of approved 
medical colleges and hospitals of the A.M.A. and is admitted to 
membership in the A.A.M.C. The school is to be congratulated 
upon the progress it has made in the last year. Its Board of 
Trustees, consisting of citizens of vision and understanding, will 
be wise to realize that their work, effective as it has been, has 
only begun. Their efforts deserve widespread support.” 


With the realization of a goal which was achieved after twenty-two 
years of endeavor, the focus was placed on one man — a man to whom 
this momentous occasion was in a way a great personal victory -— 
Dean John J. Sheinin. 


In recognition of Dr. Sheinin’s herculean efforts many testimonials 
were organized by the students, the faculty, alumni, and friends. The 
first of these was a dinner tendered by the faculty and student body 
of The Chicago Medical School, which was held in December in the 
Grand Ballroom of the Palmer House. Mr. Lester N. Selig was chair- 
man of the evening and introduced the speakers who expressed their 
appreciation to Dr. Sheinin. Then Professor Leslie B. Arey intro- 
duced the guest of honor with whom he has been associated for many 
years as teacher, colleague and friend. Dr. Sheinin conveyed to all 
present that a new era has begun for The Chicago Medical School, but 
that it is one in which there is still much to be accomplished. At this 
time the faculty and students announced that an artist had been com- 
missioned to do a portrait of Dr. Sheinin, which will be placed in the 
library. 


A week later the thirty Chicago Medical School Alumni on the staff 
of the South Chicago Community Hospital held a dinner in honor of 
Dean Sheinin to which all members of the staff of the hospital were 
invited. Dr. Sheinin spoke briefly, following which all present retired 
to watch professional entertainment. 


The New York Alumni Chapter wishing to express their apprecia- 
tion, organized a testimonial to honor Dean Sheinin which was held 
on December 26, 1948 at the Starlight Roof of the Waldorf Astoria Hotel 
in New York. Dr. Frederick Spector was the chairman, and Mr. Mark 
Sugarman introduced Dr. Sheinin to the 300 people present. Among 
the guests were Commissioner A. Stark, Commissioner of Commerce 
of the City of New York; Dr. Abraham Koplowitz, Past President of 
the Kings County Medical Society; and Dr. Jacob L. Lochner, Jr., the 
Secretary of the New York State Board of Examiners. 


On February 19th the Chicago Chapter of the Alumni Association 
of The Chicago Medical School will further express their gratitude to 
Dr. Sheinin in the Gold Coast Room of the Drake Hotel here in Chicago. 


It is very appropriate that these many groups honor Dean John J. 
Sheinin for his magnificent work, but a final and more lasting tribute 
will come to him from his students as they become the kind of physi- 
cians worthy of his life-long efforts on their behalf. - 
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PRESENTED BY THE FACULTY OF 
THE CHICAGO MEDICAL SCHOOL 
ON DECEMBER 10, 1948 


TO ALL TO WHOM THESE PRESENTS COME 
LET IT BE KNOWN THAT 


Dr. John J. Sheinin 
HAS RENDERED YEOMAN SERVICE IN THE INTEREST OF 


The Chicago Medical School 


Whereas, in the face of great odds and difficulties he successfully di- 


rected efforts which resulted in the development and recognition of a 


medical school of high standards; and 


Whereas, he has made remarkable contributions toward the advance- 


ment of medical education; and 


Whereas, he contributed immeasurably to the well-being of all associated 
with The Chicago Medical School; and 


Whereas, he is a man of rare integrity and an intrepid champion of 
democracy, especially as it applies to medical education. 


Be it therefore resolved: 


That we, the Faculty of The Chicago Medical School, express our deep 
appreciation and regard, and do so indicate with our affixed signatures, 


this tenth day of December, nineteen hundred and forty-eight. 
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John J. Sheinin, Dean 


GREEN BRIAR LODGE, WHITE SULPHUR SPRINGS, WEST VIRGINIA 
NOVEMBER 9, 1948 = 3:30 P.M. E.S.T. 


MR. LESTER N. SELIG, CHAIRMAN OF THE BOARD OF TRUSTEES 
THE CHICAGO MEDICAL SCHOOL, 

710 SOUTH WOLCOTT AVENUE 

CHICAGO 12, ILLINOIS 


THE CHICAGO MEDICAL SCHOOL HAS JUST BEEN FULLY 
APPROVED BY THE COUNCIL ON MEDICAL EDUCATION OF 
THE AMERICAN MEDICAL ASSOCIATION AND THE 
ASSOCIATION OF AMERICAN MEDICAL COLLEGES STOP 
THE SCHOOL HAS ALSO BEEN ADMITTED TO MEMBERSHIP 
IN THE ASSOCIATION OF AMERICAN MEDICAL COLLEGES 
STOP CONGRATULATIONS 


JOHN J. SHEININ, DEAN 
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MOUNT SINAI HOSPITAL 


The hospital affiliated with The Chicago Medical School in 1947 and was a major 
factor in aiding the school to gain its approval. 


Mt. Sinai Hospital is a 335-bed institution, and a major portion of its 285 staff 
physicians are utilized in the instruction of Chicago Medical School students. 


In 1948 the hospital served 15,000 patients — of which 4,000 were service cases 
and 1,700 newborn babies. In the dispensary, the 45,000 patient visits offered 
a varied wealth of teaching material for the senior students who treated these 
patients under the capable supervision of the many physicians in the several’ 
medical and surgical specialties. 
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The entire student body turned out to welcome Dr. Sheinin on Nov. 11, 1948 (Photo by Scanlon) 
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patterns on file, thereby elimin- 
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each time. 
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TAILORED NURSES’ UNIFORMS 
ON DUTY AT ALL TIMES 1910 W. Ogden Ave. SEeley 3-3734 


Store Hours: 8 a.m. to 5 p.m. 
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On behalf of all students, Bernard Kleppel, President of the Senior Class, thanked 
Dr. Sheinin for his achievement. (Photo by Scanlon) 
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Later that morning, at a reception in the Library, Dr. 
statement of Approval to the assembled Faculty, students and guests. 
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Sheinin read the official 
(Photo by Scanlon) 
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THE FILES OF THE QUARTERLY 
Are Lacking the Issue Volume 2, Number 2 


If you have loose copies of this issue, please send them to 


THE QUARTERLY 


The Chicago Medical School 710 So. Wolcott St. 


NEW BOOKS — Hassin, G. B. Histopathology of the peripheral and C.NS, 


(Continued from page 11) 3d ed. 1948. 19 B H 27 
Anderson & Arnstein. Communicable disease control. 2d Johnstone, R. T. Occupational medicine and industrial hy. 
ed., 1948. 32 A An 2 giene. 1948. 32L J 65 
Bell, E. T. Experimental diabetes mellitus. cl948. 13D B 41 Magoun & Rhines. Spasticity. c. 1947. 19 J M 27 


Blau, A. The master hand. 1946. 19 L B 61 


Methods in medical research, ed. by V. R. Potter, vol. 1. j 

Contributions to embryology, vol. 32 (No. 207-12) 1948. c. 1948. 7 As M 56 4 
3GC 76 New York (state) Legislative Committee. Problem of cere- 3 
Eckstein, G. Everyday miracle. 1948. 1 Hb Ec 5 bral palsy. 1948. 19 E N 48 ' 
2 


University Inn Restaurant 


N. E. Cor. Harrison & Honore 
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DEAR DOCTOR: 


This magazine is intended for you. We hope you like it and the suc- 
ceeding issues. 


Publishing a medical journal is a costly affair; and we cannot accept 
many advertisements. Will you help us, and at the same time, yourself, 
by remitting your subscription as quickly as feasible? 


PLEASE USE COUPON BELOW WHEN SUBSCRIBING! 


| 


I hereby enclose (a check for) $................ (1 year’s subscription, $2.00) 


(2 year’s subscription, $3.00) 
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WE CARRY A COMPLETE STOCK OF... 


DIABETIC FOODS 
REDUCING FOODS 
BUILDING FOODS 
SALT FREE FOODS 
ALLERGY FOODS 
ALL NATURAL VITAMIN 
AND MINERAL CONCENTRATES 
— 
WHOLE GRAIN BAKERY GOODS 
CEREALS AND CRACKERS 
FRESHLY MADE VEGETABLE JUICES 
CARROT JUICE — CELERY JUICE 
CABBAGE JUICE 


—O-- 
VISIT OUR VEGETARIAN 


FOUNTAIN LUNCH & JUICE BAR 


Kramer's Health Foods 


56 East Randolph St. 
CHICAGO 1, ILL. STATE 2-9750 
WE SHIP EVERYWHERE! 


SEMINARS— 


(Continued from page 26) 


stein, Asociate Prof. of Surgery, Northwestern 
University; Prof. of Surgery, Cook County Grad- 
uate School of Medicine; Attending Surgeon, 
Cook County Hospital, Chicago, Illinois. 


May 11—To be announced. 


May 18—‘The Practical Approach to the Diag- 
nosis and Management of Sterility.” Dr. M. J. 
Nechtow, Associate in Obstetrics, Chicago Med- 
ical School, Chicago, Illinois. 


May 23—‘“Determination of the Anesthetic of 
Choice.” Dr. Ruth Weyl, Assistant Prof. of An- 
esthesiology, Chicago Medical School, Chicago, 
Illinois. 


June 1—‘‘Injuries of the Kidney.” Dr. H. C. Rol- 
nick, Prof. of Genito Urinary Surgery and 
Chairman of the Department of Urology, Chi- 
cago Medical School, Chicago, Illinois. 


SUPPORT THE RED CROSS DRIVE 
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